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REMARKS 

Reconsideration and allowance are respectfully requested. 

After the entrance of the present amendments, claims 1 and 5-22 are pending. 
Elected claims 1 and 3-14 have been examined on the merits; non-elected claim 2 was 
withdrawn from consideration by the Examiner. Applicants have canceled the non- 
elected claim without prejudice and reserve the right for future prosecution of that 
subject matter. 

The amendments are supported by the original disclosure and, thus, no new 
matter has been added. If the Examiner should disagree, however, she is respectfully 
requested to point out the challenged limitation with particularity in the next Action so 
support may be cited in response. The amendments should not be construed as an 
indication of Applicants' agreement with or acquiescence in the rejections of record. 

Claims 3 and 5-7 were objected to. The claims recite sequence identifiers for the 
elected invention. The adjectives "transformed" and "transgenic" have been used in 
claims 5-6 and 7, respectively. In claim 7, "an" has been inserted. Withdrawal of the 
claim objectives is respectfully requested. 

35U.S.C.112- Written Description 
The specification must convey with reasonable clarity to persons skilled in the art 
that applicant was in possession of the claimed invention as of the filing date sought. 
See Vas-Cath v. Mahurkar, 19 USPQ2d 1111, 1117 (Fed. Cir. 1991). However, the 
Patent Office has the initial burden of presenting evidence or a reason why persons of 
ordinary skill in the art would not have recognized such a description of the claimed 
invention in the original disclosure. See In re Gosteli, 10 USPQ2d 1614, 1618 (Fed. Cir. 
1989). 

Claims 1 and 4-1 1 were rejected under Section 1 12, first paragraph, because 
they allegedly contain "subject matter which was not described in the specification in 
such a way as to reasonably convey to one skilled in the relevant art that the 
inventor(s), at the time the application was filed, had possession of the claimed 
invention." Applicants respectfully disagree. 
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According to the Examiner, the "claimed [DNA] genus encompasses a multitude 
of different nucleotide sequences and [corresponding] proteins, including those yet to be 
discovered" (page 3 of the Office Action mailed on August 13, 2002). In order to 
expedite the prosecution, Applicants have amended the claims. In brief, the 
amendments are as follows: 

(i) The limitations of claim 3 have been incorporated into claim 1 to more clearly 
define the claimed invention. 

(ii) Variation has been limited to up to ten conservative amino acid substitutions in 
part (c). 

(iii) The sequence identity of the protein has been limited to "at least 80%" in part (d). 
Therefore, claim 1 now includes only a limited number of variants. The genus is 

not widely variant; it permits only slight variation and allows only a small degree of 
structural differences among its members. The description on pages 11-14 of the 
specification shows that a representative number of nucleotide sequences within the 
claimed genus were in Applicants' possession. 

Claim 7 was rejected under Section 112, first paragraph, because it allegedly 
contains "subject matter which was not described in the specification in such a way as 
to reasonably convey to one skilled in the relevant art that the inventor(s), at the time 
the application was filed, had possession of the claimed invention." Applicants 
respectfully disagree. 

According to the Examiner, "there are insufficient relevant identifying 
characteristics to allow one skilled in the art to predictably determine the genotypic or 
phenotypic characteristics of the offspring or clone plant obtained" (page 4 of the Office 
Action mailed on August 13, 2002). Amended claim 1 (from which claim 7 ultimately 
depends) now recites the genotype conferred by the DNA. Therefore, since the 
genotypic features of the transformed plant are now identified, the genotypic features of 
its progeny or clone would also be apparent to one of ordinary skill in the art. 
Furthermore, claim 7 has been amended to expressly require the presence of the DNA 
of claim 1 . 
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Withdrawal of the written description rejections made under Section 1 12, first 
paragraph, is respectfully requested for the above reasons. 

35 U.S. C. 112- Enablement 

The Patent Office has the initial burden to question the enablement provided for 
the claimed invention. M.P.E.P. § 2164.04, and the cases cited therein. It is incumbent 
upon the Patent Office, whenever a rejection on this basis is made, to explain why it 
doubts the truth or accuracy of any statement in a supporting disclosure and to back up 
assertions of its own with acceptable evidence or reasoning which is inconsistent with 
the contested statement. In re Marzocchi, 169 USPQ 367, 370 (C.C.P.A. 1971). Specific 
technical reasons are always required. See M.P.E.P. § 2164.04. 

Claims 1 and 3-14 were rejected under Section 1 12, first paragraph, because it 
was alleged that the specification does not reasonably provide enablement for the full 
scope of the invention. Applicants respectfully disagree. 

According to the Examiner, the specification enables (i) Arabidopsis AtNCED3 
DNA comprising SEQ ID NO:5 encoding polypeptide of amino acid sequence set forth 
in SEQ ID NO:6 and (ii) a method of increasing/decreasing drought stress tolerance 
only in Arabidopsis plants by transforming them with the Arabidopsis AtNCED3 DNA 
comprising SEQ ID NO:5 encoding polypeptide of amino acid sequence set forth in 
SEQ ID NO:6, but it does not enable other DNA molecules or for increasing/decreasing 
drought stress tolerance in any other plant species. The Examiner alleges that undue 
experimentation would be required to determine: 

(i) how to express a DNA encoding a protein having neoxanthin cleavage activity 
such that tolerance to stresses other than drought is increased/decreased, 

(ii) which amino acid replacements, deletions, additions or insertions need to be 
made in the polypeptide sequences comprising SEQ ID NO:6, such that the 
resulting altered polypeptide retains neoxanthin cleavage activity such that 
tolerance to stresses drought is increased/decreased, 
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(iii) which DNA molecules within the scope of the instant claims would encode a 
polypeptide which retains the characteristics of a protein that has neoxanthin 
cleavage activity, 

(iv) which species of plant other than Arabidopsis could be employed to express the 
claimed DNA, 

(v) how much to increase or decrease the expression of the DNA that ultimately 
would result in an increase/decrease in drought resistance, and 

(vi) with respect to claims 9 and 10, how the same DNA could both increase and 
decrease the amount of abscisic acid or stress tolerance. 

Regarding item (i), Applicants teach on page 38, lines 11-15, of the specification 

that their invention would be equally useful for stresses other than drought: 

"As a result, it was found the AtNCED3 gene expression was strongly 
induced by drought, high salt concentration, and cold condition. Heat 
condition did not induce the expression. In addition, for ABA treatment or 
water treatment, the induction of the AtNCED3 gene expression was not 
detected (Fig. 12)." 

Since Applicants' specification clearly teaches that the AtNCED3 gene is induced 
by stresses other than drought (e.g., high salt concentration and cold conditions), the 
skilled person would readily recognize that the instant invention is equally effective for 
improving tolerance to such other stresses as well. Such an effectiveness can be easily 
shown by routine experimentation as taught in this specification using some other stress 
(such as high salt concentrations and cold conditions) in place of drought stress. Such 
experimentation could hardly be viewed as undue. 

Regarding item (ii), the claimed genus of DNA is focused on a limited number of 
sequences. Specifically, claim 1 is now limited to a DNA encoding a protein of SEQ ID 
NO:6, a protein encoded by a DNA that hybridizes under stringent conditions with a 
DNA of SEQ ID NO:5; a protein having the amino acid sequence of SEQ ID NO:6 with 
up to ten conservative amino acid substitutions; or a protein having an amino acid 
sequence that is at least 80% identical to the sequence set forth in SEQ ID NO:6. New 
claims 15-18 further limit the claimed DNA molecule to that encoding a protein having 
an amino acid sequence that is at least 90%, 95%, 99% or 100% identical to SEQ ID 
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NO:6, respectively. Therefore, the number of proteins that can fulfill the structural and 
functional limitations as set forth in the claims as amended are quite limited, and a 
skilled person could isolate a DNA encoding such a protein without undue experimen- 
tation. 

Regarding item (iii), the claims have been amended such that they do not include 
"all modifications" but only include a narrow subset thereof. Naturally, the subset of 
modified proteins claimed would be expected to retain the function of the wild-type 
protein of SEQ ID NO:6 and this is required by the terms of claim 1 . Furthermore, 
operable embodiments may be easily distinguished from non-operable embodiments 
(i.e., which modified proteins have neoxanthin cleavage activity and which do not) using 
the enzyme assay described in Example 5 of the specification. 

Regarding item (iv), the Examiner admits that "one of ordinary skill in the art 
could readily make transgenic plants expressing other DNAs." Her concern appears to 
stem from the breadth of DNA encompassed by the claimed invention. Accordingly, the 
claim amendments and above arguments address this objection. 

Regarding item (v), the identification of optimal expressions levels needed to 
achieve a desired result is certainly within the skill of the art and involves merely routine 
experimentation. It is the quality and not the quantity of experimentation that must be 
analyzed when determining undue experimentation. No evidence to the contrary has 
been made of record. 

Regarding item (vi), the Examiner questions how the same DNA could both 

increase and decrease the amount of abscisic acid or stress tolerance. Claims should 

be read in light of the specification and, in this case, the specification adequately 

describes both a decrease and increase in drought stress (pages 3-4): 

"The present inventors first produced a transgenic plant of Arabidopsis 
using AtNCED3, a neoxanthin cleavage enzyme gene. The AtNCED3 
gene was ligated downstream of 35S promoter in a vector for introducing 
a gene into plant cells (pBE21 13N) in the directions of sense (an 
overexpression type) or antisense (an expression inhibition type) and 
introduced the vector into Arabidopsis by the vacuum infiltration method. 
Evaluation of drought tolerance of the prepared transgenic plants revealed 
that stress tolerance in the overexpressed plants was significantly 
increased compared with that in their parent lines. In contrast, in the 
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expression-inhibited lines into which the antisense was introduced, stress 
tolerance was reduced (Figs. 15 and 16). In such a manner, the present 
inventors found that actually the transgenic plant into which the 
neoxanthin cleavage enzyme gene is introduced significantly increased 
stress tolerance and stress tolerance can be significantly reduced by 
decreasing the expression of the gene to complete the present invention". 

In other words, it is clear that stress tolerance would increase if the AtNCED3 
gene is overexpressed, and stress tolerance would decrease when the gene expression 
is inhibited. Furthermore, the Examples adequately show how this is done. 

In sum, the scope of the claims as amended is commensurate with the scope of 
enablement of the present specification. Withdrawal of the enablement rejection made 
under Section 112, first paragraph, is respectfully requested because it would not 
require undue experimentation for a person of skill in the art to make and use the 
claimed invention. 

35U.S.C. 112- Definiteness 

Claims 1 and 3-14 were rejected under Section 1 12, second paragraph, as being 
allegedly "indefinite for failing to particularly point out and distinctly claim the subject 
matter which applicant regards as the invention." Applicants respectfully disagree. 

In accordance with the Examiner's suggestion, "a" has been deleted from claims 
1 and 8. Claims 3-4 have been canceled and renders this rejection moot as applied to 
those claims. 

Claim 3 allegedly fails to define what conditions would yield the claimed DNA, as 
one skilled in the art utilizes hybridization conditions having different stringency. The 
test for indefiniteness is whether one of ordinary skill in the art would understand the 
metes and bounds of the claim, when read in light of the specification and in the context 
of the prior art. Thus, claim language cannot be analyzed in a vacuum, but must be 
interpreted in light of the specification, the teachings of the prior art, and the reasonable 
interpretation given by one of ordinary skill in the art. In this case, the specification 
provides clear guidance as to what may be considered "stringent conditions." For 
example, page 14 of the specification teaches: 
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"Hybridization can be performed under stringent condition by following, for 
example, the method described in reference (Sambrook, J., et al., 
"Molecular Cloning: A Laboratory Manual" 2nd ed., Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, NY, 1989) using a [ 32 P]-labeled 
DNA prepared by using a random prime method as a probe. A DNA is 
blotted to a nylon membrane and hybridized with a [ 32 P]-labeled fragment, 
for example, in a hybridization solution containing 30%, preferably 50% 
formamide, 6X SSC, 5X Denhardt's solution, and 100 v g/ml denatured 
salmon sperm DNA, at 37°C, preferably at 42°C. Under a stringent 
condition, washing is, for example, in 1X SSC, 1% SDS (room 
temperature), for 15 min twice, preferably (more stringent) in 0.5X SSC, 
0.5% SDS (37°C), for 15 min twice, and more preferably (further stringent) 
0.1X SSC, 0.1% SDS (60°C) for 15 min twice, and subjected to 
autoradiography. By "hybridizes under stringent conditions" is meant 
specific and non-covalent equilibrium binding by base-pairing to an 
immobilized reference nucleic acid under the above conditions." 

To expedite prosecution, however, the specific hybridization conditions have been 

recited in amended claim 1, which incorporates the limitations of original claim 3. 

Cancellation of claim 4 renders moot the rejection that it is indefinite for reciting 

the term "derived" therein.. 

In accordance with the Examiner's suggestion, "comprising" has been substituted 
in claims 5 and 13. 

In accordance with the Examiner's suggestion, the term "isolated DNA" has been 
substituted in claim 8 and in other claims which recite the DNA of claim 1 . 

The term "its wild type" in claims 8-10 has been clarified to show that the 
comparison is to the wild type of the transgenic plant. 

The Examiner alleges that the step of increasing or decreasing stress tolerance 
in a plant has been omitted. Although this step is implicit in claim 14 and conventional in 
the art, the claim has been amended to explicitly recite it. 

In view of the above amendments and arguments, Applicants submit that the 
amended claims meet the threshold requirement of clarity and precision and are there- 
fore in compliance for definiteness under 35 U.S.C. 112, second paragraph. Hence, 
Applicants respectfully request that the rejection to these claims under 1 12, second 
paragraph be reconsidered and withdrawn. 
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35U.S.C. 101 -Utility 
Claims 1 and 3-1 1 were rejected under 35 U.S.C. 101 because the claimed 
invention is allegedly directed towards non-statutory subject matter since "[a] DNA 
encoding a protein having neoxanthin cleavage activity for improving stress tolerance in 
a plant would occur in nature" (page 10 of the Office Action mailed on August 13, 2002). 
In other words, the claims read on "a product of nature." In accordance with the Exa- 
miner's suggestion, claim 1 has been amended to recite an "isolated DNA" and thereby 
overcomes this rejection. 

35 U.S.C. 102 -Novelty 

Claims 1 and 3 were rejected under Section 102(b) as allegedly being anticipated 
by Tan et al. (Accession No. 2MU95953, 1997). Applicants respectfully disagree. 

Claim 3 has been canceled and its limitations incorporated into claim 1. 
Furthermore, the phrase "replaced, deleted, added, and/or inserted" has been deleted 
from the claims. Additionally, the claims are now directed to DNA that encodes a protein 
having neoxanthin cleavage activity and an amino acid sequence that is: (a) SEQ ID 
NO:6; (b) encoded by a DNA that hybridizes under stringent conditions with SEQ ID 
NO:5; (c) SEQ ID NO:6, with 10 or fewer conservative amino acid substitutions, or (d) a 
sequence at least 80% identical to SEQ ID NO:6. Therefore, the VP14 protein of Tan et 
al., which has only a 64% sequence identity to SEQ ID NO:6, is clearly excluded from 
the scope of claim 1 . Accordingly, reconsideration and withdrawal of the rejection under 
35 U.S.C. 102(b) to claim 1 are respectfully requested. 

Claim 7 was rejected under Section 102(b) as allegedly being anticipated by or, 
in the alternative, under Section 103(a) as allegedly obvious under Jaglo-Ottoson et al 
(Science 280:104-106, 1998). Applicants respectfully disagree. 

Amended claim 1 (from which claim 7 ultimately depends) explicitly recites the 
genotype. Since the genotypic features of the transformed plant are now identified, the 
genotypic features of its progeny or clone would also be apparent to one of ordinary skill 
in the art. This feature is absent from Jaglo-Otttosen et al., who disclose a transgenic 
Arabidopsis plant comprising a DNA encoding the transcriptional activator CBF1 (page 
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104, col. 3, 1 st paragraph). Hence, Jaglo-Otttosen et al. fail to disclose each and every 
element of claim 7, and therefore, cannot anticipate it. 

Furthermore, the Jaglo-Otttosen et al. disclosure and the claimed invention are 
fundamentally different. Stress tolerance is acquired in Jaglo-Otttosen et al. by 
introducing a transcription factor (CBF1), whereas the instant invention introduces a 
gene for an enzyme (NCED) that functions in the synthesis of an abscisic acid (ABA), a 
plant hormone, and improves stress tolerance by increasing the ABA amount through 
up-regulating NCED expression. Thus, the instant invention is clearly not suggested by 
Jaglo-Otttosen et al. Accordingly, reconsideration and withdrawal of the rejection under 
35 U.S.C. 102(b) to claim 7 are respectfully requested. 

35 U. S. C. 103- Nonobviousness 
Claims 1, 3, 5-1 1 and 13 were rejected under Section 103(a) as allegedly being 
unpatentable over Tan et al. (Accession No. 2MU95953, 1997). Applicants respectfully 
disagree. 

Although Tan et al. disclose a DNA which encodes a protein having neoxanthin 

cleavage activity, prior to the instant invention it had "not been confirmed whether 

introduction of the DNA encoding this enzyme into a plant actually leads to ABA 

accumulation and improvement of tolerance against stresses without a grave effect to 

plant's growth" (page 9, lines 12-16, of the specification). As Applicants further explain: 

"Exogenous treatment with ABA causes, for example, growth inhibition in 
many plants. In a seed, it is known that ABA also causes growth inhibition 
(germination inhibition) (Takahashi, N. and Masuda, Y. (eds), "Plant 
Hormone Handbook (The Last)," Baifukan, Japan, pp. 78-160; and 
references cited therein). Increase in ABA level brings about various 
damages to plants. There has been no report whether excessive 
production of ABA by an exogenous gene leads to acquirement of stress 
tolerance or not. The conventional experimental procedures for 
exogenous treatment with ABA require the treatment at high 
concentration, which strongly inhibits the growth and has prevented 
accurate evaluation of tolerance. Furthermore, experiments of exogenous 
treatments have not identified that an appropriate level of ABA ensures 
normal growth and acquirement of tolerance. By obtaining ABA 
biosynthesis gene and creating a transgenic plant using this gene, the 
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present inventors have first confirmed that stress tolerance in a plant can 
be improved." 

Since the damaging effects of exogenous ABA treatment were well known, one of 
ordinary skill in the art would not be motivated to isolate and express a gene involved in 
ABA synthesis, merely by the teachings of Tan et al. Thus, whether introduction of such 
a gene would enhance stress tolerance without damaging plant growth could not have 
been reasonably expected by one of ordinary skill in the art without actual experimental 
verification, which was done, for the first time, by the present inventors. This fact alone 
proves that the instant invention could not have been obvious from Tan et al. 

Furthermore, as discussed above, the claims as amended require a DNA distinct 
from that disclosed by Tan et al. There is nothing in the Tan et al. disclosure to suggest 
modification to the sequence of the disclosed neoxanthin cleavage protein or the DNA 
encoding same to fall within the scope of the amended claim. 

Claims 1 and 5-14 were also rejected under Section 103(a) as allegedly being 
unpatentable over Tan et al. in view of Schwartz et al. (Science 276:1872-1874, 1997). 
Applicants respectfully disagree. 

Both references are directed towards maize proteins having neoxanthin cleavage 
activity. The Tan et al. reference has been discussed above. Schwartz et al. apparently 
is being relied upon to show that a neoxanthin cleavage activity protein (i.e., VP14) 
functions in the biosynthesis of ABA. But the latter reference does nothing to cure the 
above-noted deficiencies of Tan et al. Therefore, the combination does not produce the 
claimed invention. 

Withdrawal of the 35 U.S.C. 103 rejections is respectfully requested. 

Conclusion 

Having fully responded to all of the pending objections and rejections contained 
in the Office Action (Paper No. 17), Applicants submit that the claims are in condition for 
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allowance and earnestly solicit an early Notice to that effect. The Examiner is invited to 
contact the undersigned if any further information or claim amendments are required. 

Respectfully submitted, 



11 00 North Glebe Road, 8th Floor 
Arlington, VA 22201-4714 
Telephone: (703)816-4000 
Facsimile: (703) 816-4100 



707626 



NIXON &,VANDERHYE P.O. 
By: 



Ga^R.^anig^s 



m 

Reg. No. 43,180 



IUCHI et al. - Appln. No. 09/758,269 



APPENDIX 

MARKED-UP VERSION TO SHOW CHANGES 

IN THE CLAIMS 

The claims are amended as follows. 

1. (Amended) A An isolated DNA encoding a protein having neoxanthin cleavage 
activity for i mprov i ng str e ss to le ranc e i n a p la n t , wherein said protein is selected from 
the group consisting of: 

(a) a protein comprising the amino acid seguence of SEQ ID NO:6: 

(b) a protein encoded by a gene that hybridizes under stringent conditions 
with the nucleotide seguence of SEQ ID NO:5. wherein said stringent conditions 
are: (i) hybridization in a solution containing 30% formamide. 6X SSC. 5X 
Denhardt's solution, and 100 uo/ml denatured salmon sperm DNA at 37°C and 
(ii) washing in 1X SSC and 1% SDS at room temperature for 15 min: 

(c) a protein comprising an amino acid seguence of SEQ ID NO:6 having up 
to ten conservative amino acid substitutions: and 

(d) a protein comprising an amino acid seguence that is at least 80% identical 
to the seguence set forth in SEQ ID NO:6 . 

5. (Amended) A tr a nsformant transformed plant cell c a rry i ng comprising the isolated 
DNA of claim 1. 

6. (Amended) A transgenic plant comprising the transformant transformed plant cell of 
claim 5. 

7. (Amended) A transgenic plant which is an offspring or a clone of the transformant 
transgenic plant of claim 6 , wherein plant cells from said offspring or clone also contain 
the isolated DNA which encodes a protein having neoxanthin cleavage activity and said 
protein is selected from the group consisting of: 

(a) a protein comprising the amino acid seouence of SEQ ID NO:6: 
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(b) a protein encoded by a gene that hybridizes under stringent conditions 
with the nucleotide seguence of SEQ ID NO:5, wherein said stringent conditions 
are: (0 hybridization in a solution containing 30% formamide. 6X SSC. 5X 
Denhardt's solution, and 100 up/ml denatured salmon sperm DNA at 37°C and 
(ii) washing in 1X SSC and 1% SDS at room temperature for 15 min: 

(c) a protein comprising the amino acid seguence of SEQ ID NO:6 having up 
to ten conservative amino acid substitutions; and 

(d) a protein comprising an amino acid seguence that is at least 80% identical 
to the seguence set forth in SEQ ID NO:6 . 

8. (Amended) The transgenic plant of claim 6, wherein the expression of a g e n o the 
isolated DNA encoding a protein having a neoxanthin cleavage activity is increased or 
decreased compared with its to the expression level in the wild type of said transgenic 
plant . 

9. (Amended) The transgenic plant of any on o of claim 6, wherein the amount of 
abscisic acid is increased or decreased compared w i th its to the wild type of said 
transgenic plant . 

10. (Amended) The transgenic plant of claim 6, wherein stress tolerance is increased or 
decreased compared with its to the wild type of said transgenic plant . 

13. (Amended) A method for producing the transgenic plant carrying comprising the 
isolated DNA of claim 1 , comprising the steps of introducing said isolated DNA into a 
plant cell and regenerating a plant from the plant cell. 

14. (Amended) A method for increasing or decreasing stress tolerance in a plant, 
compr i sing e xpressing the DNA of claim 1 in a plant co ll wherein said method 
comprises th e st e ps of : 

-17- 

707626 



IUCHI et al. - Appln. No. 09/758,269 



(a) introducing an isolated DNA encoding a protein having neoxanthin 
cleavage activity into a plant cell obtained from said plant; 

(b) expressing the isolated DNA in said plant cell; and 

(c) producing a plant from the plant cell that has decreased or increased 
stress tolerance. 

Claims 2-4 have been canceled without prejudice or disclaimer. 
New claims 15-22 have been added. 
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Arabidopsis CBF1 Overexpression Induces COR 
Genes and Enhances Freezing Tolerance 

Kirsten R. Jaglo-Ottosen, Sarah J. Gilmour, Daniel G. Zarka, 
Oliver Schabenberger, Michael F. Thomashow* 

Many plants, including Arabidopsis, show increased resistance to freezing after they 
have been exposed to low nonfreezing temperatures. This response, termed cold ac- 
climation, is associated with the induction of COR (cold-regulated) genes mediated by 
the C-repeat/drought-responsive element (CRT/DRE) DNA regulatory element. In- 
creased expression of Arabidopsis CBF1 , a transcriptional activator that binds to the 
CRT/DRE sequence, induced COR gene expression and increased the freezing tolerance 
of nonacclimated Arabidopsis plants. We conclude that CBF1 is a likely regulator of the 
cold acclimation response, controlling the level of COR gene expression, which in turn 
promotes tolerance to freezing. 
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Studies of the molecular basis of plant tol- 
erance to freezing have focused primarily on 
the cold acclimation response, the process by 
which plants increase their tolerance to 
freezing in response to low nonfreezing tem- 
peratures (J). Cold acclimation is associated 
with biochemical and physiological changes 
and alterations in gene expression (J, 2). 
Studies of genes stimulated by low tempera- 
ture have revealed that many, including the 
Arabidopsis COR genes, encode hydrophilic 
polypeptides that potentially promote toler- 
ance to freezing (1-3). Indeed, constitutive 
expression of CORlSa (which encodes the 
chloroplast-targeted polypeptide COR 1 5am) 
in transgenic Arabidopsis plants improves the 
freezing tolerance of chloroplasts frozen in 
situ and of protoplasts frozen in vitro (4). 
Unlike cold acclimation, however, CORlSa 
expression has no discernible effect on the 
survival of frozen plants (2, 5). 

Genetic analyses indicate that multiple 
genes are involved in cold acclimation in 
plants (6). Several COR genes are coord i- 
nately stimulated along with CORlSa in 
response to low temperature (2, 7), which 
suggests that CORlSa might act in concert 
with other COR genes to enhance tolerance 
to freezing in plants. If so, expression of the 
entire battery of COR genes would have a 
greater effect on freezing tolerance than 
CORlSa expression alone. To test this hy- 
pothesis, we attempted to induce expression 
of the COR gene "regulon" with the Arabi- 
dopsis transcriptional activator CBF1 (CRT/ 
DRE binding factor 1) (8), a putative COR 
gene regulator. CBF1 binds to the cis-acting 
CRT (C-repeat)/DRE (drought-responsive 
element) sequence (9, 10), a DNA regula- 
tory element that stimulates transcription in 
response to both low temperature and water 
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deficit (9). The element is present in the 
promoters of multiple COR genes including 
CORlSa, COR78 (also known as RD29A 
and LTI78), and COR6.6 (10-12). Expres- 
sion of CBFI in yeast (Saccharomyces cerevU 
siae) activates expression of reporter genes 
that have the CRT/DRE as an upstream 
activator sequence (8). 

We created transgenic Arabidopsis plants 
that overexpress CBFI by placing a cDNA 
encoding CBF1 under the control of the 
strong cauliflower mosaic virus (CaMV) 35S 
RNA promoter and transforming the chi- 
meric gene into Arabidopsis ecotype RLD 
plants (13). Initial screening gave rise to two 
transgenic lines, A6 and B16, that accumu- 
lated CBFI transcripts at high concentra- 
tions. Southern blot analysis indicated that 
the A6 plants had a single DNA insert and 
the B16 plants had multiple inserts. Exami- 
nation of fourth generation homozygous A6 
and B16 plants indicated that amounts of 
CBF1 transcript were higher in nonaccli- 
mated A6 and B16 plants than they were in 
nonacclimated RLD plants (Fig. 1 A). Quan- 
tities of CBFi transcript were greater in the 
A6 plants than in the B16 plants (Fig. 1A). 

CBFI overexpression induced COR gene 
expression without a low- temperature stim- 
ulus (Fig. 1 A). Specifically, greater than nor- 
mal amounts of COR6.6, CORlSa, COR47, 
and COR78 transcripts were detected in 
nonacclimated A6 and B16 plants. In non- 
acclimated A6 plants, COR transcript con- 
centrations approximated those found in 
cold-acclimated RLD plants. In nonaccli- 
mated B16 plants, they were less than in 
cold-acclimated RLD plants. Immunoblot 
analysis indicated that the amounts of the 
COR15am (Fig. IB) and COR6.6 polypep- 
tides were also elevated in the A6 and B16 
plants, with a higher level of expression in 
A6 plants. We were unable to identify the 
CBFI protein in either RLD or transgenic 
plants (5). Overexpression of CBFI did not 
affect transcript concentrations of eJF4A 
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Fig. 1. Expression of CBF1 and COR genes in RLD and a Nonacclimated Coid-acctimated 



transgenic Arabidopsis plants. (A) CBFl and COR tran- 
scripts. Leaves from nonacclimated and 3-day cold-accli- 
mated plants (20) were harvested and total RNA was pre- 
pared and analyzed for CBF1 and COR transcripts by RNA 
blot analysis with 32 P-radiolabefed probes (27). The auto- 
radiograms for CBFl resulted from 3-day film exposure 
and those for COR6.6 and COR15a were from a 3-hour 
exposure (the 32 P-radiolabeled probes were of similar spe- 
cific activity). (B) COR 15am proteins. Total soluble protein 
(100 jxg) was prepared from leaves of the nonacclimated 
RLD (RLDw), 4-day cold-acclimated RLD (RLDc4d), 7-day 
cold-acclimated RLD (RLDc7d), and nonacclimated A6 
and B16 plants; the amounts of COR15am were deter- 
mined by immunoblot analysis with antiserum raised 
against the COR15am polypeptide (22). No reacting 
bands were observed with preimmune serum. 




(eukaryotic initiation factor 4A) (14), a 
constitutively expressed gene that is not 
responsive to low temperature (Fig. 1A), 
and had no obvious effects on plant 
growth and development. 

Two additional transgenic lines, KI6 
and 1-11, that overexpress CBFl have re- 
cently been identified. Northern blot anal- 
ysis of nonacclimated T2 generation plants 
indicated that, in both of these tines, COR 
gene expression is also higher than that in 
nonacclimated RLD plants. 

CBFl overexpression increased the toler- 
ance of plants to freezing (Fig. 2), as deter- 
mined by the electrolyte leakage test (15). 



A no 
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Fig. 2. Freezing tolerance of leaves from RLD and 
transgenic Arabidopsis plants. Leaves from non- 
acclimated RLD (RLDw) plants, 10-day cold-ac- 
climated RLD (RLDc) plants, and nonacclimated 
A6, B1 6, and T8 plants were frozen at the indicat- 
ed temperatures and the extent of cellular dam- 
age was estimated by measuring electrolyte leak- 
age {23). Error bars indicate standard deviations. 



Detached leaves were frozen to various sub- 
zero temperatures and, after thawing, cellular 
damage (due to freeze-induced membrane 
lesions) was estimated by measuring ion 
leakage from the tissues. Leaves from nonac- 
climated A6 and B16 plants were more tol- 
erant to freezing than those from nonaccli- 
mated RLD plants (Fig, 2). The freezing 
tolerance of leaves from nonacclimated A6 
plants exceeded that of leaves from nonac- 
climated B16 plants (Fig. 2A), which had 
lower levels of CBFl and COR gene expres- 
sion (Fig, 1A). T8 transgenic plants (4), 
which constitutively express only CORlSa 
(under control of the CaMV 35S RNA pro- 
moter) (Fig. 1A), were less freezing tolerant 
than A6 plants (Fig. 2B). 

A comparison of EL 50 values (the freezing 
temperature that results in release of 50% of 
tissue electrolytes) of leaves from RLD, A6 t 
B16, and T8 plants is presented in Table 1. 
Data from multiple experiments indicate 
that the freezing tolerance of leaves from 
nonacclimated A6 and B16 plants was great- 
er than that of leaves from nonacclimated 
RLD and T8 plants and that leaves from 
nonacclimated A6 plants were more freezing 



Fig. 3. Freezing survival of RLD and A6 Arabidop- 
sis plants. Nonacclimated (Warm) RLD and A6 
plants and 5-day cold-acclimated (Cold) RLD 
plants were frozen at -5°C for 2 days and then 
returned to a growth chamber at 22°C {24). A 
photograph of the plants after 7 days of regrowth 
is shown. 

tolerant than leaves from nonacclimated 
B16 plants. 

The enhancement of freezing tolerance 
in A6 plants was apparent in whole plant 
survival tests (Fig, 3). Nonacclimated A6 
plants displayed variable, but greater, freez- 
ing tolerance than nonacclimated RLD 
plants (Fig. 3). No difference in plant sur- 
vival was detected between nonacclimated 
B16 and RLD plants and nonacclimated T8 
and RLD plants. 

Our results demonstrate that constitutive 
overexpression of the Arabidopsis transcrip- 
tional activator CBFl induces expression of 
Arabidopsis COR genes and increases the 
freezing tolerance of nonacclimated plants. 
These results are consistent with CBFl hav- 
ing a role in regulating COR gene expression 
and further link the COR genes to plant cold 
acclimation. The increase in freezing toler- 
ance brought about by expressing the battery 
of CRT/DRE-regulated COR genes was 
greater than that brought about by overex- 
pressing CORlSa alone, which implicates 



Table 1 . Comparison of EL^ values of leaves from RLD and transgenic Arabidopsis plants. EL^ values 
were calculated and compared by analysis of variance (25). EL^, ± SE (n) are presented on the diagonal 
line for leaves from nonacclimated RLD (RLDw), cold-acclimated (7 to 10 days) RLD (RLDc), and 
nonacclimated A6, B16, and T8 plants. P values for comparisons of EL 50 values are indicated in the 
intersecting cells. 



EL.- n values 





RLDw 


RLDc 


A6 


B16 


T8 


RLDw 


-3.9 ± 0.21 
(8) 


P < 0.0001 


P < 0.0001 


P = 0.0014 


P = 0.7406 


RLDc 




-7.6 ± 0.30 
(4) 


P = 0.3261 


P < 0.0001 


P < 0.0001 


A6 






-7.2 ± 0.25 
(6) 


P < 0.0001 


P < 0.0001 


B16 








-5.2 ± 0.27 
(5) 


p = 0.0044 


T8 










-3.8 ± 0.35 
(3) 
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additional COR genes in freezing tolerance. 
Whether CRT/DRE-containing COR genes 
are involved in bringing about the full array 
of biochemical and physiological changes 
that occur with cold acclimation (/, 2) re- 
mains to be, determined. 

Freezing temperatures greatly limit the 
geographical distribution of native and 
cultivated plants and often cause severe 
losses in agricultural productivity (16). 
Traditional plant breeding approaches 
have met with limited success in improv- 
ing the freezing tolerance of agronomic 
plants (6). The freezing tolerance of the 
best wheat varieties today is essentially the 
same as the most freezing-tolerant variet- 
ies developed in the early part of this 
century. Biotechnology, however, may of- 
fer new strategies. Here we show that the 
freezing tolerance of nonacclimated Ara- 
bidopsis plants is enhanced by increasing 
the expression of the Arabidopsis regulato- 
ry gene CBFl. The CRT/DRE DNA reg- 
ulatory element we have targeted here is 
not limited to Arabidopsis (17) and thus 
may provide a way to improve the freezing 
tolerance of crop plants. 
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Scorpion toxins inhibit ion conduction 
through potassium channels by occluding 
the pore at the extracellular opening. A 
single toxin protein binds very specifically to 
a single channel to cause inhibition. The 
toxins are 35 to 40 amino acids in length and 
have a characteristic fold that is held rigidly 
by three disulfide bridges (I). They are ac- 
tive site inhibitors, because when they bind 
to the channel they interact energetically 
with' K + ions in the pore (2-4). The inter- 
action between these inhibitors and the pore 
of K + channels has been exploited to gain 
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insights into the structure and function of 
K + channels. 

Studies employing site-directed mutagen- 
esis of the Shaker K + channel have mapped 
the scorpion toxin binding site to regions 
corresponding to the extracellular en try way 
of the K + channel from Streptomyces lividans 
(the KcsA channel) (4-9). Although the 
amino acids of the K + channel selectivity 
filter are highly conserved, the residues lin- 
ing the entryway are quite variable. As if to 
mirror the amino acid variation at the bind- 
ing site, the toxins are also highly variable in 



Structural Conservation in Prokaryotic and 
Eukaryotic Potassium Channels 

Roderick MacKinnon,* Steven L Cohen, Anling Kuo, Alice Lee, 

Brian T. Chait 

Toxins from scorpion venom interact with potassium channels. Resin-attached, mutant 
K+ channels from Streptomyces lividans were used to screen venom from Leiurus 
quinquestriatus hebraeus, and the toxins that interacted with the channel were rapidly 
identified by mass spectrometry. One of the toxins, agitoxin2, was further studied by 
mutagenesis and radioligand binding. The results show that a prokaryotic K + channel 
has the same pore structure as eukaryotic K + channels. This structural conservation, 
through application of techniques presented here, offers a new approach for K + channel 
pharmacology. 



106 



SCIENCE • VOL. 280 • 3 APRIL 1998 • www.sciencemag.org 




EMBLZMU95953 




ID 
XX 
AC 
XX 
SV 
XX 
DT 
DT 
XX 
DE 
XX 
KW 
XX 



ZMU95953 



standard; RNA; PLN; 2498 BP. 



U95953.1 



U95953; 



XP-002180188 




04-JUL-1997 (Rel. 52, Created) 

06-OCT-1999 (Rel. 61, Last updated. Version 2) 



Zea mays viviparous -14 (vp!4) rnRNA, complete cds . 



OS Zea mays 

OC Eukaryota? Vir idiplantae; Streptophyta? Embryophyta; Tracheophyta; 

OC Spermatophyta; Magnoliophyta; Liliopsida; Poales; Poaceae; PACC clade; 

OC Panicoideae; Andropogoneae; Zea. 

XX 

RN [1] 
RP 1-2498 

RX MEDLINE; 98004553. 

RA ..Tan B.C./ Schwartz S.H., Zeevaart J.A., McCartyD.R.; 
RT "Genetic control of abscisic acid biosynthesis in maize" ; 

RL Proc. Natl. Acad. Sci. U.S.A. 94 (22) :12235 -12240 (1997) . 
XX 

RN [2] 

RP 1-2498 

RA Schwartz S.H., TanB.-C, Gage D., Zeevaart J.A.D., McCartyD.R.; 

RT "VP14 catalyzes the carotenoid cleavage reaction of abscisic acid 

RT biosynthesis 1 *; . 

RL Unpublished. 
XX 

RN [3] 

RP 1-2498 

RA Tan B.-C, McCartyD.R.; 
RT 

RL Submitted (31-MAR-1997) to the EMBL/GenBank/DDBJ databases. 

RL Horticultural Sciences, University of Florida, 2237 Fifield Hall, 

RL Gainesville, PL 32611, OS A 

XX 

DR AGDR; U95953; U95953 . 

DR MENDEL; 25729; Zearaa;3279 ; 25729 . 

DR MaizeDB; Probe/235022; p-umcl218. 

DR MaizeDB; Probe/393648; si095953 . 

DR SPTREMBL; 02459 2; 024592. 

XX 

PH Key Location /Qualifiers 



FH 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 



CDS 



source 



1. .2498 

/chromos ome= u 1 " 
/db_xref=" taxon:4577 n 
/note~ » inbred" 
/organism= n Zea mays" 
/strain= M W22 M 
/rnap- n lL near bronze2" 
100.. 1914 
/codon_s tart=l 
/db_xxef= u SPTREMBL : 02 459 2" 

/note= I, ll,19 T -expoxy carotenoid dioxygenase; VP14; 
viviparous seed mutant; 9-cis-epoxy carotenoid cleavage 
dioxygenase" 
/gene^'vp^" 

/function^'catalyzes oxidative cleavage of the 11,19* 
double bond of 9-cis-epoxy carotenoids to yield xanthoxin 



of 2 



2001-10-9 16: 



BNSDOCID; <XP 21801 8aA_l_> 



I. 



FT. 

FT 

FT 

FT 

FT 

FT 

FT 

FT 

FT 

FT 

FT 

FT 

FT 

FT 

XX 

SQ 



// 



(C15) and C25 apo -aldehydes" 
/product= ,, vivipa reus -14" 
/protein_id^ ,, AAB62181.1" 

/ trans la tion="MQGIAPPTSVSIHRHLPARSRARASNSVRFSPRAVSSVPPAECLQ 
APFHKPVADLPAPSRZPAAIAVPGHAAAPRXAEGGKKQLNLFQRAAAAALDAFEEGFVA 
NVLERPHGLPSTADPAVQIAGNFAPVGERPPVHELPVSGR IPPF IDGVYARNGANPCFD 
PVAGHHLFDGDGMVHALRIRWGAAESYACRFTETARLRQERAIGRPVFPKAIGELHGHS 
G I ARLALF YARAACGL VDPSAGTGVANAGLVYFNGRLLAM SEDDL P YH VRVADDGDLET 
VGRYDFDGQLGCAMIAHPKLDPATGELHALSYDVIKJIPYLKYFYFRPDGTKSDDVEIPL 
EQPTMIHDFAITENFVWPDHQWFKLQEMLRGGSPWIX)K£KT 

MAWVDVPD CFCFHLWN AWED EATGEVW I GS CMT PADS I F NE SDERLE S VLTE IRLDAR 
TGRS TRRA VL P P S QQENLEVGMVN RNLLGRE S RYAYLAVAE PWPKE S GFAKEDLST GEL 
TKFEYGEGRFGGE PCFVPMDPAAAH PRGEDDG YVLTFVHDERAGTSELL WNAAD I RLE 
ATVQL P S RVPFGFHGTF I TGQELE AQAA rt 

Sequence 2498 BP; 414 A; 864 C; 773 G; 447 T; 0 other; 

caacaacaga etaeggagga ccgccgccgc ccacgcaaaa acccacccga tccccgcaaa 60 

aacccccgca cgcgatccac gccaattcca gtcaccgcga tgeagggtet cgccccgccc 120 

acctctgttt ccatacaccg gcacctgccg gcccggtcca gggcccgggc ctccaattcc 180 

gtcaggttct cgccgcgcgc cgtcagctcc gtgccgcccg ccgagtgcct ccaggcgccg 240 

ttccacaagc ccgtcgccga cctgcctgcg ccgtccagga agcccgccgc cattgccgtc 300 

ccagggcacg ccgcggcgcc gaggaaagcg gagggeggea agaagcagct caacttgttc 360 

cagcgcgccg cggcggccgc gctcgacgcg ttcgaggaag ggttcgtggc caacgtcctc 420 

gagcggcccc acgggctgcc cagcacggcc gacccggccg tgeagatege cggcaacttc 480 

gcgcccgtcg gggagaggee gcccgtgcac gagctccccg tctccggccg catcccgccc 540 

ttcatcgacg gggtctaege gcgcaacggc gccaacccct gcttcgaccc cgtcgcgggg 600 

caccacctct tegaeggega cggcatggtg cacgcgctgc ggatacgcaa cggcgccgcc 660 

gagtcctacg cctgccgctt cacggagacc gcgcgcctgc gecaggageg cgcgatcggc 720 

cgccccgtct tccccaaggc cattggegag ctgcacgggc actcegggat cgcgcgcctc 780 

gccctgttct acgcgcgcgc cgcgtgcggc ctcgtggacc cctcggccgg caccggcgtg 840 

gccaacgccg gcctcgtcta cttcaacggc cgcctgctcg ccatgtccga ggacgacctc 900 

ccctaccacg tccgcgtggc ggacgaegge gacctcgaga ccgtcggccg ctacgacttc 960 

gaegggcage tcggctgcgc catgatcgeg caccccaagc tggacccggc caceggggag 1020 

ctccacgcgc tcagctacga cgtcatcaag aggccgtacc tcaagtactt ctacttcagg 1080 

cccgacggca ccaagtccga cgacgtggag atcccgctgg agcagcccac gatgatccac 1140 

gacttcgcca tcaccgagaa cttcgtggtt gtgcccgacc accaggtggt gttcaagctc 1200 

caggagatgc tgegeggegg gtcgcccgtg gtgctggaca aggagaagac gtcgcggttc 1260 

ggcgtgctcc ccaagcacgc cgcggacgcg teggagatgg cgtgggtgga cgtgccggac 1320 

tgettctget tccacctgtg gaacgcgtgg gaggacgagg egaegggega ggtggtggtg 1380 

atcggctcct gcatgacccc cgccgactcc atcttcaacg agtccgacga gcgcctggag 1440 

agcgtgctga ccgagatccg cctggacgcg cgcacgggcc ggtccacgcg ccgcgccgtc 1500 

ctgccgccgt cgcagcagga gaacctggag gtgggcatgg tgaaccgcaa cctgctgggc 1560 

cgcgagagcc ggtacgcgta cctcgcggtg gcggagccgt ggcccaagga gtegggctte 1620 

gecaaggagg acctgtccac gggegagetc accaagttcg agtaeggega gggccggttc 1680 

ggeggegage cctgcttcgt tcccatggac ccggccgcgg cccacccgcg eggegaggae 1740 

gaegggtacg tgctcacctt cgtccacgac gagcgcgccg geaegtegga gctacttgtg 1800 

gtcaatgccg ccgacatccg getggaggee aeggttcage tgccgtcccg cgtgcccttc 1860 

ggcttccacg gcaccttcat cacgggccag gagctcgagg cccaggcggc ctgaccgagc 1920 

tccacgtttc teggaggagg aacagaggag ccagccttgg atcaggggag aagtcaccag 1980 

agggagecca gatcagttcc ceggggtett cctgtccccc cacgcacacc agagttacag 2040 

ttggtagttg etttgetttg ccttttttta acattatttc atttgacact agtgtaagta 2100 

aattggtata gtggcagctt agagagagag agagattagt agaaaggege ccagctcgta 2160 

gcttaacagc tggtggtgcc tctggctagt atagagtaca tatttttttt tcttcttctg 2220 

tgetttatec cttttttttt tctccctttg gatgacatgg atgtgcatcc agctccagtt 2280 

gtfcgtcaccc agtccagtgg actggggtgt ctgggatctt ggttgctgtt acttgctcgc 2340 

cattgccacc cagttgctgc cgctgctgct gaggtgttgc tggcttggct tgtatactct 2400 

gtgttccctg tggctategg tgcgtgtaca tttgttcaca gtatatgact gatggtatta 2460 

aaataagaac eggtgaegge ttctgtttca aaaaaaaa 2498 
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